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,QWURGXFWLRQ
$LU WUDIILF IORZ PDQDJHPHQW LQ (XURSHDQ DLUVSDFH ZRUNV LQ D FHQWUDOO\ FRRUGLQDWHG ZD\ )OLJKW SDUDPHWHUV
GHILQLQJ D IRXUGLPHQVLRQDO WUDMHFWRU\ RI DLUFUDIW DUH UHSRUWHG EHIRUH IOLJKW WR 1HWZRUN 0DQDJHPHQW 2SHUDWLRQ
&HQWUH102&LQ%UXVVHOVLQWKHIRUPRIDIRUPDOL]HGVKHHWRIDIOLJKWSODQ102&GHDOVZLWKLQLWLDOFRRUGLQDWLRQ
RIDLUWUDIILFIORZ,WDLPVWRPLQLPL]HWKHQXPEHUDQGWKHWLPHRIDLUFUDIWGHOD\VDQGDWWKHVDPHWLPHWRLQFUHDVHWKH
DLUVSDFHFDSDFLW\6LPXOWDQHRXVO\102&VHUYLFHVVWUDLQWRLQFUHDVHWKHVDIHW\RIDLUWUDIILFDQGWKHHIIHFWLYHQHVVRI
DLUWUDIILFIORZ,QWKHFDVHZKHQ
x WKHVXEPLWWHGIOLJKWSODQGRHVQRWFROOLGHZLWKRWKHUSODQV
x IOLJKWGRHVQRWJRWKURXJKWKHVHFWRUVLQZKLFKWKHDLUWUDIILFYROXPHLVFORVHWRWKHLUFDSDFLW\
x WKHZHDWKHUFRQGLWLRQVDUHJRRG
WKHQ D IOLJKW LV FDUULHG RXW DFFRUGLQJ WR LWV SODQQHG WUDMHFWRU\ %XW ZKHQ DW OHDVW RQH RI WKHVH FRQGLWLRQV LV QRW
IXOILOOHGWKHQDVXEPLWWHGIOLJKWSODQLVPRGLILHG,W LV102&¶VWDVNLQFRRSHUDWLRQZLWK$LU2SHUDWRUV$2DQG
)ORZ0DQDJHPHQW 3RVLWLRQ VHUYLFHV )03ZKLFK GHDOZLWK WKH DLU WUDIILF IORZ LQ WKH DLUVSDFH WKURXJKZKLFK D
SDVVDJH LVSODQQHG*HQHUDOO\ WKHSRVVLEOHPRGLILFDWLRQVDUH WRGHOD\ WKH WDNHRII VRFDOOHGVORWDOORFDWLRQRU WR
FKDQJHWKHURXWHLQRUGHUWRE\SDVVWKHDLUVSDFHVHFWRUVZKLFKJHQHUDWHUHVWULFWLRQVVRFDOOHGUHURXWLQJ,QFULWLFDO
FDVHVDIOLJKWFDQHYHQEHFDQFHOOHG
$LUWUDIILFDQGPHDVXUHVRILWVDVVHVVPHQW
1RZDGD\VRQHRI WKHNH\SDUDPHWHUVZKLFKHQDEOHVDSURSHURUJDQL]DWLRQRI WKH WUDIILF LWVHOIDQG WKHZRUNRI
JURXQG VHUYLFHV ± LV WKH WUDIILF YROXPH LQ WKH DLU WUDIILF FRQWURO VHFWRU 7KLV WHUP LV QRW XQHTXLYRFDO ,W FDQ EH
XQGHUVWRRGDVDIOLJKW LQWHQVLW\ LH WKHQXPEHURIDLUFUDIWFRPLQJ LQWR WKHVHFWRU LQRQHXQLWRI WLPH(XURFRQWURO
E7KHHVVHQFHRIWKLVDSSURDFKLVWRVKRZWKHWRWDOQXPEHURIDLUFUDIWXQGHUFRQWURO,WFDQEHDOVRGHILQHGDV
WUDIILFGHQVLW\ZKLFKPHDQVWKHQXPEHURIDLUFUDIWLQWKHVHFWRUZHLJKWHGE\WKHWLPHVSHQWLQWKHVHFWRULQRQHXQLW
RIWLPH6NRUXSVNL6HOHFWLQJRQHRIWKHVHDSSURDFKHVGHSHQGVRQWKHSXUSRVHRIWKHUHVHDUFK
2.1. Air traffic control (ATC) sector capacity 
7KHWHUPRIWKHVHFWRUFDSDFLW\LVDQH[DPSOHRIDYHU\LPSRUWDQWYDOXHGHVFULELQJWKHDELOLW\WRKDQGOHDLUFUDIWLQ
WKHVHFWRULQWKHFRQWH[WRIDLUWUDIILFYROXPH*HQHUDOGHILQLWLRQRIWKHVHFWRUFDSDFLW\GHILQHVLWDVWKHPD[LPXP
QXPEHURIDLUFUDIWZKLFKFDQEHVDIHO\KDQGOHGLQRQHXQLWRIWLPHDFFRUGLQJWRLQWHUQDWLRQDOUXOHV,QWKHFDVHRI
$7& DUHD VHFWRU ZKLFK LV WKH WRSLF RI WKLV SDSHU WKH WLPH RI D FRQWUROOHU RFFXSDQF\ LQ RQH XQLW RI WLPH LV D
QXPHULFDO SDUDPHWHU ZKLFK LV WKHPHDVXUH RI WKH VHFWRU FDSDFLW\ ,W GHSHQGV KLJKO\ RQ WKH WUDIILF YROXPH ,W LV
REYLRXVWKDWKHDY\WUDIILFQHHGVPRUHWLPHWREHVHUYHGE\DFRQWUROOHU$QH[FHVVLYHLQFUHDVHRIWUDIILFYROXPHFDQ
OHDGWRWKHIDLOXUHRIVDIHW\PHDVXUHV7KXVVRPHEDUULHUVDUHLPSRVHGRQWKHWUDIILFYROXPH7KHEDUULHUFRUUHVSRQGV
WRDPD[LPXPFRQWUROOHURFFXSDQF\ WLPH ,W LVVXSSRVHG WKDWDW WKLV OLPLW WUDIILFYROXPHWKHFRQWUROOHURFFXSDQF\
WLPHGRHVQRWH[FHHGRIDQKRXUZKLFKLVFRQVLGHUHGDVDVDIHYDOXH0DMXPGDUHWDO
7KXVLQWKHFDVHRI$7&DUHDVHFWRUDIDFWXDOOLPLWDWLRQLVWKHDLUWUDIILFVDIHW\H[SUHVVHGE\DFRQWUROOHU¶VDELOLW\WR
KDQGOHDFHUWDLQQXPEHURIDLUFUDIW6WDWLQJLQDPRUHRUOHVVDUELWUDU\ZD\WKHOLPLWYDOXHRIDFRQWUROOHU¶VRFFXSDQF\
WLPHRQHREWDLQVWKHFRUUHVSRQGLQJOLPLWYDOXHRIWUDIILFYROXPH
2.2. The quality of air traffic 
:LWKUHIHUHQFHWRDLUSRUWVDQLPSRUWDQWSDUDPHWHUZKLFKGHSHQGVRQWKHWUDIILFYROXPHLVWKHDYHUDJHGHOD\IRUD
VLQJOHDLURSHUDWLRQ6LPLODUO\WR$7&DUHDVHFWRUFDSDFLW\DQLQFUHDVHRIWUDIILFFDXVHVDQLQFUHDVHRIWKHDYHUDJH
GHOD\7KXVZHFDQGHWHUPLQHDEDUULHUIRUDQLQFUHDVHRIWUDIILFYROXPHIRUZKLFKZHVWDWHWKDWDQDYHUDJHGHOD\
GRHVQRWH[FHHGDSHUPLWWHGYDOXH'PRFKRZVNL0DODUVNL6NRUXSVNL7KHVLPLODUDSSURDFKLVXVHGIRU
H[DPSOHZKHQVWDWLQJWKHFDSDFLW\RIDSDVVHQJHUV¶FKHFNLQV\VWHP
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:HFDQVHHWKDWLQWKHDERYHH[DPSOHWKHIDFWXDOOLPLWDWLRQLVWKHTXDOLW\RIWUDIILFGHVFULEHGE\DGHOD\RIWDNLQJRII
DQGODQGLQJDLUFUDIW6WDWLQJDUELWUDULO\WKHERXQGDU\YDOXHRIGHOD\ZHREWDLQDFRUUHVSRQGLQJERXQGDU\WUDIILFYROXPH
RUDPD[LPXPQXPEHURISDVVHQJHUVLQWKHFKHFNLQV\VWHP7KLVOLPLWDWLRQLVDOVRWRVRPHH[WHQWWKHHPDQDWLRQRI
DGHVLUHWRHQVXUHVDIHW\7KLVLVEHFDXVHDELJDYHUDJHGHOD\IRUDQRSHUDWLRQFDQPHDQWKDWVRPHDLUFUDIWVWD\LQWKHDLU
IRUWRRORQJ7KLVLQWXUQFDQLQIOXHQFHWKHLUVDIHW\ZKHQZHFRQVLGHUDQHFHVVDU\IXHOOHYHO
$QRWKHU WUDIILF TXDOLW\ LQGLFDWRU ZKLFK GHSHQGV RQ LWV YROXPH FDQ EH IRU H[DPSOH D FRVW 6R IDU FRVW
HIIHFWLYHQHVV KDV EHHQ XVHG LQFLGHQWDOO\ LQ DLU WUDIILF PDQDJHPHQW DOWKRXJK LW LV D SULQFLSDO PHDVXUH RI WKH
HIIHFWLYHQHVVRIDLUFDUULHUV¶DFWLYLW\%XWLWFDQEHSURYHGWKDWWKHDLUWUDIILFVHUYLFHFRVWGHSHQGVRQLWVYROXPHDQG
LWVRUJDQL]DWLRQ%DQDV]HN,WFDQEHH[SHFWHGWKDWLQIXWXUHWKHFRVWHIIHFWLYHQHVVLQUHODWLRQWRRQHRSHUDWLRQ
ZLOOEHWUHDWHGDVDOLPLWDWLRQIRUWUDIILFYROXPHVLPLODUO\DVQRZLWLVWKHFRQWUROOHU¶VRFFXSDQF\WLPHRUDQDYHUDJH
GHOD\IRURQHRSHUDWLRQ
$QRWKHUVLPLODU IXWXUHFULWHULRQRIDVVHVVLQJDLU WUDIILFPDQDJHPHQWRUJDQL]DWLRQSURFHVVFDQEHHQYLURQPHQWDO
QXLVDQFH+HUHZH FDQ VKRZ WKDW LW DOVR LV D IXQFWLRQ RI WKH WUDIILF YROXPH DVZHOO DV LWV RUJDQL]DWLRQ 3áDQGD
6NRUXSVNL,WLVKLJKO\SRVVLEOHWKDWLQWKHIXWXUHWKHDPRXQWRIKDUPIXOVXEVWDQFHHPLVVLRQWRWDORULQVRPH
FKRVHQSRLQWVZLOOEHDFULWHULRQGHFLGLQJDERXWSHUPLWWHGWUDIILFYROXPH
2.3. Air traffic complexity 
$VRQH FDQ VHH IURP WKH DERYH DQDO\VLV WKH DLU WUDIILFYROXPH LV SUDFWLFDOO\ DNH\SDUDPHWHUZKLFKPHDVXUHV
GLIIHUHQWDVSHFWRIDLUWUDIILFRUJDQL]DWLRQ%XWDVLWKDVDOUHDG\EHHQPHQWLRQHGLWLVQRWDXQHTXLYRFDOWHUP,WKDV
GLIIHUHQWGHILQLWLRQVZKLFKDUHXVHGGHSHQGLQJRQVSHFLILFDOO\VWDWHGQHHGV,WFDXVHVWKDWLWLVQRWDQLGHDOLQGLFDWRU
GHVSLWHLWLVFRPPRQO\LQXVH
,Q UHFHQW \HDUV UHVHDUFKHUV DQG SUDFWLWLRQHUV XVH WKH WHUP RI WUDIILF FRPSOH[LW\PRUH RIWHQ WKDQ WUDIILF YROXPH
5DKPDQHWDO,WLVDUHVXOWRIORRNLQJIRULQGLFDWRUVZKLFKZLOOEHWWHUFKDUDFWHUL]HDOOSKHQRPHQDWDNLQJSODFHLQ
DLUWUDIILF7KHVHLQGLFDWRUVVLPLODUO\WRWUDIILFYROXPHFRXOGEHXVHGWRPDQDJLQJWKHWUDIILF&RPSOH[LW\RIDLUWUDIILF
LVGHILQHGVLPLODUO\WRWUDIILFLQWHQVLW\%XWZKHQLWLVFDOFXODWHGVRPHDGGLWLRQDOSDUDPHWHUVDUHFRQVLGHUHG7KH\DUH
WKHQXPEHURIFRQIOLFWVLWXDWLRQV WRVROYH WKHQXPEHURI WUDQVIHURIFRQWUROEHWZHHQ WKHVHFWRUVFKDQJHVRIDLUFUDIW
GLUHFWLRQ RU VSHHG LQVLGH WKH VHFWRU VLWXDWLRQVZKHQ DLUFUDIW WUDMHFWRULHV LQWHUVHFW HDFK RWKHU RU ZHDWKHU FRQGLWLRQV
(XURFRQWUROD.RSDUGHNDUHWDOGHWHUPLQHGWKHPD[LPXPDFFHSWHGDLUWUDIILFFRPSOH[LW\DQGLWV
FRQQHFWLRQZLWKWKHVHFWRUFDSDFLW\ZLWKWKHXVHRIVLPXODWLRQH[SHULPHQWVDQGWKHREVHUYDWLRQRIDFWLYLWLHVRIDUHDO
FRQWUROOHU6RPHPRGHOV LQZKLFK WKHFRQWUROOHU¶VZRUNORDGKDVEHHQFRUUHODWHGZLWK WKH WUDIILF LQWHQVLW\DQG WUDIILF
FRPSOH[LW\ZHUH DOVR FRPSDUHG7KHGHWHUPLQHG5 IDFWRUZDVXVHG WR DQDO\]H WKLV FRUUHODWLRQ7KLV IDFWRU IRU WKH
PRGHO RI LQWHQVLW\ZDV ZKLOH IRU WKHPRGHO RI FRPSOH[LW\ LW ZDV  ,W LQGLFDWHV WKDW DSSOLFDWLRQ RI WUDIILF
FRPSOH[LW\LVPRUHEHQHILFLDOZKHQZHZDQWWRFDOFXODWHWKHVHFWRUFDSDFLW\
)DUPRUHJHQHUDOXQGHUVWDQGLQJRIWKHWHUPRIWUDIILFFRPSOH[LW\ZDVSUHVHQWHGE\+LVWRQHWDO:KLOHWKH
SRVVLELOLWLHV RI KDQGOLQJ D WUDIILF VLWXDWLRQ LQ WKH VHFWRU ZHUH DQDO\]HG VRPH IHDWXUHV VKDSHV RI DLUVSDFH DQG
RSHUDWLRQ OLPLWDWLRQV XQGHUVWRRG DV UHVWULFWLRQV LPSRVHG RQ SRVVLEOH FRQWUROOHU¶V DFWLYLWLHV ZHUH WDNHQ LQWR
FRQVLGHUDWLRQ
7KH WHUP RI WUDIILF FRPSOH[LW\ LVPRUH DQGPRUHZLGHO\ XVHG IRU GHVFULELQJ WKH WUDIILF SURFHVVHV DQG DOVR LQ
UHVHDUFK RQ DLU WUDQVSRUW RSWLPLVDWLRQ LQ 70$ DUHD 1HWMDVRY  DV ZHOO DV IRU DLUSRUW WUDIILF .UVWLF 7RVLF

$LUWUDIILFVPRRWKQHVVDVDPHDVXUHRILWVTXDOLW\
7UDIILF YROXPH LV DQ LQGHSHQGHQW YDULDEOH IRU PDQ\ GHSHQGHQFHV H[WUHPHO\ LPSRUWDQW IRU PRGHUQ DLU WUDIILF
HQJLQHHULQJ 7KHVH LQFOXGH WUDIILF YROXPH ± FRQWUROOHU ZRUNORDG WUDIILF YROXPH ± DYHUDJH GHOD\ 7KH\ DUH
VWRFKDVWLF E\ QDWXUH EXW FDQ EH HDVLO\ GHILQHG DV SUREDELOLVWLF UHODWLRQVKLSV 6NRUXSVNL 6WHOPDFK  2WKHU
GHSHQGHQFHV IRU H[DPSOH WUDIILF YROXPH ± $7& VHUYLFHV FRVW HIIHFWLYHQHVV RU WUDIILF YROXPH ± HQYLURQPHQWDO
QXLVDQFHDUHQRWNQRZQDQDO\WLFDOO\DQGKDYHEHFRPHWKHJRDORIUHVHDUFKEHLQJFDUULHGRXWLQVFLHQWLILFFHQWUHV%XW
\HWLQWXLWLYHNQRZOHGJHDERXWWKHVHUHODWLRQVKLSVDOORZVWRXQGHUWDNHVRPHDFWLYLWLHVZKLFKOHWXVLQFUHDVHWKHWUDIILF
LQ WKHDUHDFRQWUROVHFWRUDQGPRYHIRUZDUGEDUULHUVPHQWLRQHGDERYH*HQHUDO LQFUHDVHRIDLU WUDIILF LVD IDFWVR
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$7&VHUYLFHVDQGWKHVHFWRUVWKH\KDQGOHPXVWEHUHDG\WRDFFRPPRGDWHLW)RUH[DPSOHLWLVSRVVLEOHWRLQFUHDVH
WKHWUDIILFYROXPHLQDVHFWRUE\GHFUHDVLQJWKHWLPHIRUJURXQGDLUWUDQVPLVVLRQE\LQWURGXFLQJQHZFRPPXQLFDWLRQ
PHDQV7KDQNVWRWKLVWKHFRQWUROOHU¶VZRUNORDGLVUHGXFHGDQGDWWKHVDPHWLPHWKHWUDIILFYROXPHPD\EHLQFUHDVHG
,WZRUNVVLPLODUO\ZKHQPRUHDGYDQFHGVXUYHLOODQFHV\VWHPVRUFRQWUROOHUGHFLVLRQVXSSRUWLQJV\VWHPDUHDSSOLHG
7KHWHUPRIDLUWUDIILFVPRRWKQHVVFDQDOVREHXVHGWRDVVLVWWKHDLUWUDIILFPDQDJHPHQWVHUYLFHV2QWKHRQHKDQG
WUDIILFVPRRWKQHVVGHSHQGVRQLWVYROXPH'PRFKRZVNLHWDO7KLVPHDQVWKDW LQDLU WUDIILFPDQDJHPHQW LW
FDQEHXVHGLQDVLPLODUZD\DVWKHFRQWUROOHUZRUNORDGRUWKHDYHUDJHGHOD\SHURSHUDWLRQ%XWRQWKHRWKHUKDQG
WKHVPRRWKQHVVFKDUDFWHUL]HVWKHWUDIILFLWVHOI2QHFDQVHHWKDWERWKFRQWUROOHUZRUNORDGDQGDYHUDJHGHOD\IRUDQ
DLUSRUWRSHUDWLRQLVWKHIXQFWLRQRIWUDIILFVPRRWKQHVV7KHVLPLODUGHSHQGHQFHFDQEHREVHUYHGIRURWKHUPHQWLRQHG
DERYH IXWXUH OLPLWDWLRQ IDFWRUV ± FRVW HIIHFWLYHQHVV RU HQYLURQPHQWDO QXLVDQFH 7KH\ ERWK GHSHQG RQ WKH WUDIILF
YROXPHEXWDOVRRQWKHWUDIILFVPRRWKQHVV,WFOHDUO\VKRZVWKDWUHVHDUFKRQWUDIILFVPRRWKQHVVKDVDELJLPSRUWDQFH
QRWRQO\LQWKHFRQWH[WRIORRNLQJIRULQGLFDWRUVDQGPHWKRGVRIWKHWUDIILFTXDOLW\DVVHVVPHQWEXWDOVRLQWKHFRQWH[W
RIDWWHPSWV WRRSWLPL]HLWVRUJDQL]DWLRQ,WFDQEHQRWLFHGWKDW WUDIILFVPRRWKQHVVKDVDVLPLODUVHQVHDV WKHDERYH
PHQWLRQHGWHUPRIWUDIILFFRPSOH[LW\ZKLFKLVUHFHQWO\RIWHQXVHGIRUDVLPLODUJRDO%XWWKHVPRRWKQHVVVHHPVWREH
HDVLHUWRDSSO\LQSUDFWLFH
$PHWKRGIRUVPRRWKQHVVFDOFXODWLRQZLWKUHJDUGWRVRFDOOHGIDYRXUDEOHIOLJKWSODQV
7KH PHWKRG RI GHWHUPLQLQJ DLU WUDIILF VPRRWKQHVV SUHVHQWHG LQ WKLV SDSHU LV EDVHG RQ WKH GHVFULSWLRQ RI WKH
VWUXFWXUHRI$7&DUHDVHFWRULQWKHIRUPRIJULGRIDFWLYHDQGQRQDFWLYHDLUVSDFHSRLQWVSUHVHQWHGLQ'PRFKRZVNL
6NRUXSVNLDEZKHUH
x DIOLJKWSODQLVWKHLQIRUPDWLRQRQDQLQWHQGHGIOLJKWGHOLYHUHGWRDLUWUDIILFVHUYLFHVWZRGD\VEHIRUHWKHGD\RI
RSHUDWLRQ
x DFXUUHQWIOLJKWSODQLVXQGHUVWRRGDVDIOLJKWSODQZLWKFKDQJHVUHVXOWLQJIURP$7&FOHDUDQFHV
x D IDYRXUDEOH IOLJKW SODQ LV XQGHUVWRRG DV D IOLJKW SODQ LQZKLFK IOLJKW SDUDPHWHUV WDNH VDIH YDOXHV DQG DUH
EHQHILFLDOIURPWKHIOLJKWHFRQRP\SRLQWRIYLHZ
7KLV DSSURDFKDOORZV WRGHILQHDLU WUDIILF VPRRWKQHVV LQ WKH VHFWRU LQ DQXPHULFDOZD\ WKURXJKFRPSDULVRQRI
IOLJKW SODQVZLWK WKHLU FXUUHQW DQG IDYRXUDEOH HTXLYDOHQWV ,W LVPDGH RQ WKH EDVH RI GHILQHGQXPHULFDO YDOXHV RI
GLVWXUEDQFHVRIGLVWDQFHIOLJKWOHYHODQGWKHWLPHRIWKHIOLJKW7DEOH
7DEOH7KHUXOHVRIIOLJKWSDUDPHWHUVGLVWXUEDQFHVDVVHVVPHQW
7KHUDQJHRIIOLJKWSDUDPHWHUVGLVWXUEDQFHV
'LVWDQFH>10@ ± ± ± !
)OLJKWOHYHO>)/@ ± ± ± !
7LPH>PLQ@ ± ± ± !
'LVWXUEDQFHDVVHVVPHQW    
10±QDXWLFDOPLOH P
)/±IOLJKWOHYHO IHHW P

)RUjWKDLUFUDIWGLVWDQFHVEHWZHHQSRLQWVWDNHQIURPDIOLJKWSODQDQGDFXUUHQWIOLJKWSODQDUHPDUNHGDVdjIURP
DIOLJKWSODQDQGDIDYRXUDEOHIOLJKWSODQDUHPDUNHGDVejDQGIURPDIDYRXUDEOHIOLJKWSODQDQGDFXUUHQWIOLJKWSODQ
DUHPDUNHGDVfj)LJXUHVKRZVLWLQDVLPSOLILHGZD\
&DOFXODWLQJRIWKHVPRRWKQHVVIRUDQDLUFUDIWFRQVLVWVRIFRPSDULQJDQGFRPELQLQJWKHYDOXHVRIYDULDEOHVdjej
DQGfj LQHDFKVWHSRIWKHDQDO\VLV7KHVWHSVtLtL )LJXUHDUHGHILQHGLQDFFRUGDQFHZLWKWKHGHQVLW\RIWKH
JULGRIDFWLYHDQGQRQDFWLYHSRLQWVVSHFLILHGLQWKHDUHDVHFWRUPRGHO7KHZD\RIFRPELQLQJWKHDVVHVVPHQWVLQWR
WKHVPRRWKQHVVYDOXHVLVSUHVHQWHGLQ7DEOH
,IDQ\RIdieiRUfiSDUDPHWHUVUHDFKHVWKHYDOXHRIRUPRUHWKHQVPRRWKQHVVHTXDOV7KHUXOHVSUHVHQWHGLQ
7DEOHDOORZWRGHWHUPLQHWKHVPRRWKQHVVIRUjWKDLUFUDIWsidi ei fitiLQHDFKVWHStiWKHPHDVXUHPHQWSRLQW7KLV
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DFWLRQLVUHSHDWHGIRUDOODLUFUDIWLQDFRQVLGHUHGVHFWRU)RUHDFKVWHSUHFHLYHGUHVXOWVDUHVXPPHGDQGGLYLGHGE\D
WRWDOQXPEHURIDLUFUDIWVJZKLFKJLYHVDYHUDJHVPRRWKQHVVLQDJLYHQVWHSti
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
)LJ$VFKHPHRIGHILQLQJdjejDQGfjSDUDPHWHUV
7DEOH7KHVPRRWKQHVVsjRIjWKDLUFUDIWLQiWKVWHS
dj          
ej          
fj          
6PRRWKQHVVsj>@          

1H[WVPRRWKQHVVYDOXHVIURPDOOVWHSVDUHVXPPHGXSDQGGLYLGHGE\WKHQXPEHURIVWHSVI(YHQWXDOO\WUDIILF
VPRRWKQHVVLQWKHVHFWRULQWKHH[DPLQHGSHULRGLVH[SUHVVHGE\DIRUPXOD
 
I
tS
F
I
i i¦      
7KLVPHWKRGDOORZVWRWDNHLQWRDFFRXQWDOOLPSRUWDQWSDUDPHWHUVWKHIOLJKWGLUHFWLRQWKHIOLJKWOHYHODQGWKHWLPH
RIWKHSDVVDJH7KHFKRLFHRIVWHSVPHDVXUHPHQWSRLQWVGHSHQGVRQJUDQXODULW\RIDFWLYHDQGQRQDFWLYHSRLQWVJULG
LQWKHVHFWRUPRGHOWKDWKDVEHHQXVHG
0HDVXUHPHQWVDQGFDOFXODWLRQVRIUHDODLUWUDIILFVPRRWKQHVVLQFKRVHQVHFWRUVLQ),5:DUVDZ
7RLOOXVWUDWHKRZWKHPHWKRGRIDLUWUDIILFVPRRWKQHVVDVVHVVPHQWZRUNVVRPHPHDVXUHPHQWVRIUHDODLUWUDIILFLQ
$7&DUHDVHFWRUV LQ)OLJKW ,QIRUPDWLRQ5HJLRQ),5:DUVDZKDYHEHHQ WDNHQ LQ-DQXDU\7KUHHFRPELQHG
$7&VHFWRUVFRQVLVWLQJRIWZRHOHPHQWDU\VHFWRUVZHUHFKRVHQ)LJXUH
x 6(QRUWK±HDVW±³6XZDáNL±6LHGOFH´
x %*QRUWK±ZHVW±³%DáW\N±*UXG]LąG]´
x 7&VRXWK±ZHVW±³àyGĨ±7U]HEQLFD´
$QH[DPSOHIUDJPHQWRIGDWDZLWKWKHUHVXOWVRIWKHVPRRWKQHVVFDOFXODWLRQVIRUWKH7&DUHDVHFWRUWDNHQRQWKH
QG -DQXDU\  LV SUHVHQWHG LQ 7DEOH  ,W VKRZV PHDVXUHPHQW IRU  PLQXWHV RI WUDIILF ZKHUH WKH VWHS RI
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PHDVXUHPHQWVHTXDOVWRRQHPLQXWH7KHSUHVHQWHGGDWDFRQVLVWRQO\RIIRXURXWRIIRUW\VHYHQDLUFUDIWZKLFKZHUH
SUHVHQWLQWKHH[DPLQHGVHFWRUDWWKDWWLPH
7RWDOVPRRWKQHVVIRUSHULRGIURPWRFDOFXODWHGDFFRUGLQJWRIRUPXODZDV7KHVWHSRIRQH
PLQXWH FDXVHV WKDW D PRGHO JULG RI DFWLYH DQG QRQDFWLYH SRLQWV LV YHU\ GHQVH DQG JLYHV D ELJ DFFXUDF\ RI
PHDVXUHPHQWV%XWDWWKHVDPHWLPHWKHVHPHDVXUHPHQWVDUHYHU\WLPHFRQVXPLQJ)RUWKHVDPHGDWDDWKUHHPLQXWH
VWHS JLYHV DYHUDJH VPRRWKQHVV RI  DQG D ILYHPLQXWH VWHS JLYHV ZKLFK FDQ EH UHJDUGHG DV HTXLYDOHQW
UHVXOWV

)LJ$7&DUHDFRQWUROVHFWRUVLQ),5:DUVDZ
7KXVGHQVLW\RIWKHSRLQWVJULGLVQRWWKHNH\YDOXHIRUWKHDFFXUDF\RIWKHUHVXOWV6XJJHVWHGLQWKHOLWHUDWXUH5XL]
et al.XVLQJWKHYHU\GHQVHJULGVHHPVWREHXVHOHVVDQGLWGRHVQRWEULQJDQ\LPSURYHPHQWRIDFFXUDF\+RZHYHU
LWVLJQLILFDQWO\LQFUHDVHVFRPSXWDWLRQDOFRPSOH[LW\
7RVKRZWKHUHODWLRQVKLSEHWZHHQWKHWUDGLWLRQDOGHILQLWLRQRIWKHWUDIILFYROXPHDQGWKHSURSRVHGLQWKLVSDSHU
LGHDRIWUDIILFVPRRWKQHVV7DEOHSUHVHQWVVRPHFRPSDUDWLYHUHVXOWVRIPHDVXUHPHQWVDQGFDOFXODWLRQV7KHVDPH
GDWDIRU7&6(DQG%*DUHDVHFWRUVDVSUHVHQWHGLQWDEOHZHUHXVHG
2QHFDQFOHDUO\ VHH WKDW WKHUH LVDFORVHGHSHQGHQFHEHWZHHQ WKH WUDIILFYROXPH LQ WKHVHFWRUDQG WKH WUDIILF
VPRRWKQHVV )RU D VPDOO WUDIILF YROXPH REVHUYHG LQ VHFWRU 6( WKH WUDIILF VPRRWKQHVV LV WKH ELJJHVW )RU WKH
ELJJHUWUDIILFLQWHQVLW\REVHUYHGLQVHFWRUV7&DQG%*WUDIILFVPRRWKQHVVLVVOLJKWO\VPDOOHU
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7DEOH&DOFXODWLRQRIDLUWUDIILFVPRRWKQHVVLQDUHDVHFWRU7&
&DOO
VLJQ
3DUD
PHWHUV
0HDVXUHPHQWSRLQW $YHUD
JHIRU
IOLJKW
              
1
$)
d                
e               
f               
s >@               
&6$
3&
d                
e               
f               
s >@               
/27

d                
e               
f               
s >@               
5<5
+
d                
e               
f               
s >@               
$YHUDJHIRUWKH
SRLQW>@
               
7DEOH5HODWLRQVKLSEHWZHHQWKHWUDIILFYROXPHDQGWKHWUDIILFVPRRWKQHVV
6HFWRU *ULGGHQVLW\ 7UDIILFYROXPH 7UDIILFVPRRWKQHVV
7&   
  
  
6HFWRU *ULGGHQVLW\ 7UDIILFYROXPH 7UDIILFVPRRWKQHVV
6(   
  
  
6HFWRU *ULGGHQVLW\ 7UDIILFYROXPH 7UDIILFVPRRWKQHVV
%*   
  
  

+RZHYHU IXUWKHU UHVHDUFK LQWRFRPSDULVRQRI WKH WUDIILFVPRRWKQHVV IRUGLIIHUHQW WUDIILFYROXPHV IRU WKH VDPH
VHFWRU LVRIFRXUVHQHFHVVDU\&RPSDULVRQVEHWZHHQGLIIHUHQWVHFWRUVDVSUHVHQWHG LQ WKLVSDSHUDUHQRWHQRXJK WR
IRUPXODWHPRUHJHQHUDOFRQFOXVLRQV
&RQFOXVLRQV
 ,Q WKLVSDSHUDSRVVLELOLW\ WRXVH WKHDLU WUDIILF VPRRWKQHVVDV DXQLYHUVDOSDUDPHWHUZKLFKFKDUDFWHUL]HV LWV
TXDOLW\KDVEHHQSUHVHQWHG$ORQJWKHRUHWLFDOFRQVLGHUDWLRQVZHKDYHDOVRVKRZQSUDFWLFDOXVHIXOQHVVRIWKLV
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QRWLRQ $QG WKXV ZH KDYH SURSRVHG WKH PHWKRG WR GHILQH DQG FDOFXODWH WKH VPRRWKQHVV ZKLFK WDNHV LQWR
DFFRXQWIOLJKWSODQVWKHLUFXUUHQWUHDOL]DWLRQDVZHOODVVRFDOOHGIDYRXUDEOHIOLJKWSODQV7KHODWWHUUHODWHWR
IRUH[DPSOHWRWKHGLUHFWWUDMHFWRULHVOLQNLQJWKHLQSXWDQGRXWSXWSRLQWVRIWKHVHFWRU
 6RPH FDOFXODWLRQV RI WKH WUDIILF VPRRWKQHVVPDGHZLWK WKH XVHRI WKHSURSRVHGPHWKRG DUH DOVRSUHVHQWHG
7KH\LQGLFDWHWKDWWKHWUDIILFVPRRWKQHVVFDQEHFRPHWKHXQLYHUVDOPHDVXUHRILWVTXDOLW\
$GGLWLRQDOO\ ZH KDYH DQDO\]HG QXPHULFDO GHSHQGHQFHV EHWZHHQ WKH DLU WUDIILF VPRRWKQHVV DQG WKH WUDIILF
YROXPH ,Q VSLWH RI WKH IDFW WKDW PHDVXUHPHQWV ZHUH WDNHQ GXULQJ D OLJKW WUDIILF DQG LQ ZLQWHU WLPH WKLV
UHODWLRQVKLSLVFOHDUO\VHHQ
7KHGHQVLW\RIWKHDFWLYHDQGQRQDFWLYHDLUVSDFHSRLQWVJULGLVQRWWKHNH\YDOXHIRUWKHDFFXUDF\RIWKHUHVXOWV
8VLQJWKHYHU\GHQVHJULGVHHPVWREHXVHOHVVDQGLWGRHVQRWEULQJDQ\LPSURYHPHQWRIDFFXUDF\+RZHYHULW
VLJQLILFDQWO\LQFUHDVHVFRPSXWDWLRQDOFRPSOH[LW\
+RZHYHU SUHVHQWHG UHVXOWV GR QRW \HW DOORZ WR GHULYH IDUUHDFKLQJ FRQFOXVLRQV DV IRU WKH GHWDLOV RI WKLV
UHODWLRQVKLS7KHUHVHDUFKLVEHLQJVWLOOFDUULHGRXW,WVQH[WVWHSZLOOEHDQDWWHPSWWRXVHWKHVPRRWKQHVVWR
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